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Sex Differences in Diabetes

and Risk of Incident Coronary
Artery Disease in Healthy Young
and Middle-Aged Adults

OBJECTIVE

Controversy exists about the coronary artery disease (CAD) risk conveyed by di-
abetes in young and middle-aged women. We investigated sex differences in CAD
by diabetes status among healthy individuals with different underlying risks of
heart disease.

RESEARCH DESIGN AND METHODS

We examined subjects aged <60 years without CAD at enrollment in the high-risk
GeneSTAR Study (n = 1,448; follow-up ~12 years), Multi-Ethnic Study of Athero-
sclerosis (MESA; n = 3,072; follow-up ~7 years), and National Health and Nutrition
Examination Survey Ill (NHANES Ill) Mortality Follow-up Study (n = 6,997; follow-
up ~15 years). Diabetes was defined by report, hypoglycemic use, and/or fasting
glucose 2126 mg/dL. The outcome was any CAD event during follow-up (fatal CAD
in NHANES).

RESULTS

In the absence of diabetes, CAD rates were lower among women in GeneSTAR,
MESA, and NHANES (4.27, 1.66, and 0.40/1,000 person-years, respectively) versus
men (11.22, 5.64, and 0.88/1,000 person-years); log-rank P < 0.001 (GeneSTAR/
MESA) and P = 0.07 (NHANES). In the presence of diabetes, CAD event rates were
similar among women (17.65, 7.34, and 2.37/1,000 person-years) versus men
(12.86, 9.71, and 1.83/1,000 person-years); all log-rank P values > 0.05. Adjusting
for demographics, diabetes was associated with a significant four- to fivefold
higher CAD rate among women in each cohort, without differences in men. In
meta-analyses of three cohorts, additionally adjusted for BMI, smoking, hyper-
tension, HDL, and non-HDL cholesterol, antihypertensive and cholesterol-
lowering medication use, the hazard ratio of CAD in men versus women among
nondiabetes was 2.43 (1.76-3.35) and diabetes was 0.89 (0.43-1.83); P = 0.013
interaction by diabetes status.

CONCLUSIONS

Though young and middle-aged women are less likely to develop CAD in the
absence of diabetes, the presence of diabetes equalizes the risk by sex. Our
findings support aggressive CAD prevention strategies in women with diabetes
and at similar levels to those that exist in men.
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Type 2 diabetes is a potent risk factor for
coronary artery disease (CAD) over the
life span. The Third Report of the Expert
Panel on Detection, Evaluation, and
Treatment of High Blood Cholesterol

in Adults (Adult Treatment Panel Ill)
describes diabetes as a CAD risk
equivalent (1) that increases the rate of
first CAD events by two- to threefold in
both men and women (2). This rate is
similar to recurrent events in persons
without diabetes who have a prior CAD
event (3). The presence of diabetes thus
represents a guidelines imperative for
aggressive CAD prevention strategies.

More recent studies suggest that type 2
diabetes increases the risk of CAD
mortality more in women than men
(4-6), by up to 50% (7). Further, diabetes
may signify a greater risk of CAD events
than having prior CAD in women but not
men (8,9). These sex differences may

be due to a greater adverse effect of
diabetes on cardiovascular risk factors

in women (10). Conversely, another
meta-analysis found no significant sex
differences in the relative risk associated
with diabetes for CAD mortality after
adjusting for traditional cardiovascular
risk factors, but instead a greater
absolute CAD mortality rate in men with
diabetes at every age except the very
old (11). Likely, different population
characteristics account for the sex
differences observed in these various
studies. Specifically, inconsistent results
could be due to the inclusion of a larger
number of older persons, for whom
different absolute risks exist for CAD
than in younger persons, even without
diabetes. In older age groups, women
clearly have a high rate of CAD relative to
their risk at younger ages. Thus, age may
obviate the impact of diabetes on CAD
risk in women. However, previous
studies have not focused specifically on
sex differences in CAD risk among
younger and middle-aged persons with
diabetes.

The importance of understanding sex
differences becomes apparent when
examining current guidelines for
primary prevention of CAD in diabetes
(12-14), which in general favor more
aggressive therapy in men than women.
For instance, initiation of aspirin is
recommended in men a decade earlier
than women with diabetes in the most

recent position statement by the
American Diabetes Association on this
topic (14). Previous studies in the
general population suggest that CAD
has a later onset in women (15,16). The
American Diabetes Association
Standards of Medical Care (2013) also
cites studies demonstrating that the
effectiveness of aspirin for primary
prevention in diabetes may be greaterin
men (12,17) and acknowledges that the
risk of gastrointestinal bleeding in those
at low CAD risk may outweigh any
potential benefit of aspirin preventive
therapy (18). Consequently,
understanding any excess risk conveyed
by diabetes in women has important
public health and clinical practice
implications. Thus, this study was
designed to determine the relative and
absolute risk of CAD among young and
middle-aged adults with diabetes in
three different large populations with
different underlying risks for heart
disease.

RESEARCH DESIGN AND METHODS

Our study included participants from
GeneSTAR (enrolled 1993-2005), the
Multi-Ethnic Study of Atherosclerosis
(MESA) (enrolled 2000-2011), and the
National Health and Nutrition
Examination Survey Il (NHANES [11)
Mortality Follow-up (enrolled 1988—
2006). Participants with history of CAD
or early CAD during the study (who may
have other risk factors) or lost to follow-
up before 35 years of age were
excluded. Specifically, in GeneSTAR, of
1,478 participants enrolled, all were
under the age of 60 years without CAD
at baseline. Exclusions were as follows:
early CAD during the study (n = 6),
missing baseline fasting glucose
measurement (n = 19), and no follow-up
after baseline (n = 5), leaving a final
sample of 1,448 participants from
GeneSTAR for the current study. In
MESA, of 6,814 participants enrolled,
3,714 participants were aged =60 years
and excluded. None had CAD at baseline
or early CAD. Other exclusions included:
missing baseline fasting glucose (n = 15)
or no follow-up after baseline (n = 13),
leaving 3,072 participants from MESA
for the current study. In NHANES IlI, of
10,492 participants enrolled, 3,286
were aged =60 years and excluded.
Additional exclusions included: CAD at
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baseline (n = 204) and early CAD during
the study (n = 5), leaving 6,997
participants from NHANES Il for the
current analyses.

We selected these studies because they
reported physician-diagnosed diabetes,
measured fasting glucose, assessed
diabetes medication use, and included a
comprehensive set of cardiovascular
and metabolic risk factors. In addition,
they had different underlying risks of
CAD given varying demographic
characteristics of participants (i.e., age
and ethnicity) and pre-existing burden
of risk factors across cohorts, allowing
us to explore consistency of
associations. All three studies had
longitudinal follow-up for CAD events in
young and middle-aged adults.

In GeneSTAR, European American and
African American probands with early-
onset CAD events (<60 years) were
identified at the time of hospitalization
for a documented event (19). Their
siblings aged <60 years and apparently
free of CAD were recruited for screening
and followed at 5-year intervals by
trained telephone interviewers. CAD at
baseline was ascertained using self-
report, physician diagnosis, exercise
treadmill testing, and nuclear perfusion
imaging. All completed a standardized
health status and CAD event
questionnaire.

In MESA, men and women 45—-84 years
of age, who identified themselves as
European American, African American,
Hispanic American, or Chinese
American, were recruited from six U.S.
communities: Baltimore City and
County, MD; Chicago, IL; Forsyth
County, NC; Los Angeles County, CA;
Northern Manhattan and the Bronx, NY;
and St. Paul, MN (20). Individuals

with physician-diagnosed clinical
cardiovascular disease (i.e., heart
attack, angina, stroke, congestive heart
failure, and atrial fibrillation) or
cardiovascular-related procedures at
baseline were excluded. A telephone
interviewer contacted each participant
periodically to inquire about interim
hospital admissions, cardiovascular
outpatient diagnoses, related
procedures, and deaths.

In NHANES I, a survey based on a
complex, multistage, stratified,
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clustered, probability sample design,
was used to obtain a representative
sample of the U.S. population. The
survey included an interview, physical
examination, and laboratory
measurements (21). The Mortality
Follow-up study was a prospective
study of the vital status of all adult
participants followed in NHANES IIl. The
National Center for Health Statistics
linked participants in NHANES IlI

to death certificate data found in

the National Death Index through

31 December 2006 (21,22). The
presence of CAD at baseline was
assessed by self-reported history of
heart attack or congestive failure

or physician-diagnosed clinical
cardiovascular disease.

Institutional review boards approved
the research, and all participants
provided written informed consent at
baseline and each examination.

Diabetes

Diabetes was defined as a self-reported
physician’s diagnosis, current insulin or
hypoglycemic medication use, and/or

a measured fasting (=8 h) glucose

of =126 mg/dL.

Ascertainment of CAD

Participants were followed from their
baseline examination until they
experienced a CAD end point (acute
coronary syndromes including
myocardial infarction or angina with
revascularization, stable angina, sudden
cardiac death, or known CAD death).
The presence of angina was confirmed
in GeneSTAR and MESA with additional
criteria that required evidence of
significant coronary obstruction,
ischemia, revascularization, physician
diagnosis, symptoms, and/or medical
treatment. Events were determined
periodically using similar cohort-specific
surveillance protocols. Unbiased
investigators independently
adjudicated medical records and death
certificates in each cohort to obtain
diagnoses. Nonconcordant
classifications among reviewers were
adjudicated by an external committee
that determined final event
classification using standardized coding
schema (19-21).

For NHANES Il participants, information
on CAD death only was available. We

used publicly available linked mortality
data files, which identify the cause of
death using the Underlying Cause of
Death-113 groups based on the ICD-10
(22). We defined cardiovascular disease
mortality as deaths with underlying
cause of death codes ICD-120-125 and
170.

Covariates

Information on demographics, health
behaviors, comorbid conditions, and
medication use for each cohort was
obtained using standardized
questionnaires and protocols (19-21).
Family history of early-onset CAD was
defined as history of myocardial
infarction, acute coronary syndrome, or
stroke in a parent or sibling, and early
onset was defined as occurrence in the
proband <60 years of age. Standardized
measurements of height, weight, and
systolic and diastolic blood pressure
were also obtained. BMI was defined as
weight in kilograms/height in meters
squared. Laboratory values were
obtained for fasting lipid profile (to
assess HDL and non-HDL cholesterol)
and glucose using well-described
methods for each cohort (19,20,23).

Statistical Analyses

Standard univariable methods were
used to examine the baseline study
characteristics within each cohort.
Kaplan-Meier survival curves with log
rank XZ are presented to compare CAD
event rates by sex and diabetes category
by cohort. Because the number of
participants aged >70 years was small,
particularly in the high-risk GeneSTAR
study, we truncated the analysis to 70
years of age for all studies. Person-years
were calculated beginning at the age of
35 years. Following confirmation of
proportional hazards using log-log
survival plots, we used Cox regression
models to estimate the CAD hazards
comparing participants with diabetes to
without diabetes (reference), or women
to men (reference), and used age as the
time scale. We first performed cohort-
specific analyses using two models with
sequential adjustment: model 1
adjusted for age, race, and education
and model 2 further adjusted for
smoking, BMI, hypertension, HDL
cholesterol, non-HDL cholesterol, use
of antihypertensives, and use of
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lipid-lowering agents. In GeneSTAR, SE
estimates and hypothesis testing were
done using bootstrapping methods to
account for within-family correlations.
We performed sensitivity analyses,
further adjusting for use of hormone
replacement therapy (HRT) in
regression models in women only and
also exploring for birth cohort effects.
Birth cohorts were defined based on
decade of birth as follows: 1926-1935
(five individuals born between 1924 and
1925 were also included in this cohort),
1936-1945, 1946-1955, 1956-1965,
and 1966—-1975. We then generated
pooled estimates of the three studies in
meta-analysis. We used the Stata metan
command to derive an inverse-variance
weighted (fixed-effects) meta-analysis.
We also performed sensitivity analysis
excluding NHANES 1lI, in which only CAD
mortality was assessed, from pooled
analysis.

All analyses were carried out using Stata
version 11/12 (College Station, TX).
Statistical significance was determined
as a P value <0.05 (two-sided).

RESULTS

Demographics and clinical
characteristics at baseline are shown by
sex and study in Table 1. Across cohorts,
54% of participants were women.
Overall, the average length = SD of
follow-up was longest in NHANES

(14.7 £ 2.3 years) followed by
GeneSTAR (12.8 = 5.7 years) and MESA
(7.2 £ 1.4 years). The proportion of
European American persons was highest
in NHANES (74%), followed by
GeneSTAR (56%) and MESA (37%).
Family history of CAD was greatest in
GeneSTAR by design (100%), followed
by MESA (19%) and NHANES (18%).
Participants in NHANES were the
youngest (range 17-60 years), followed
by GeneSTAR (24-60 years) and MESA
(44-60 years). In general, systolic blood
pressure, diastolic blood pressure, and
total and LDL cholesterol were highest in
GeneSTAR. In contrast, BMI and
antihypertensive medication use were
lowest in NHANES. The proportion of
smokers was lowest and cholesterol
medication users highest in MESA. The
prevalence of diabetes ranged between
~7 and 10% in cohorts. Among those
with diabetes, the proportion on
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Table 1—Baseline demographic and selected clinical characteristics of participants by sex and cohort

GeneSTAR MESA NHANES follow-up study
Women Men Women Men Women Men
n 789 659 1,637 1,435 3,788 3,209
Mean length of follow-up 12.1 (5.3) 13.6 (6.0) 7.2 (1.4) 7.2 (1.4) 14.8 (2.2) 14.7 (2.3)
Age (years) 46.8 (7.02) 46.2 (7.27) 52.6 (4.55) 52.6 (4.49) 37.1(11.1) 36.9 (10.9)
Race/ethnicity (%)
European American 47.9 65.9 37 37.8 73.0 75.2
African American 51.6 33.8 28.5 26.2 13.0 10.4
Hispanic American = = 23 24.2 5.8 6.5
Chinese American = = 11.5 11.8 = =
Other 0.5 0.3 = 8.2 7.9
Education level (%)
Less than HS 17.2 19.9 13 12.1 19.0 20.1
HS 44.6 36.7 17.3 13.4 38.2 32.0
More than HS 38.1 43.4 69.7 74.6 42.8 47.9
BMI (kg/m?) 30.0 (7.0) 28.5 (5.0) 29.3 (6.68) 28.2 (4.45) 26.2 (6.4) 26.6 (5.0)
Current smoking (%) 30.7 30.2 16.4 20.3 28.1 34.2
Family history of CAD (%) 100 100 20.5 17.4 20.6 15.2
Systolic BP (mmHg) 133 (16.6) 135.1 (14.5) 118 (19.7) 120 (16.5) 113.4 (14.3) 121.3 (12.6)
Diastolic BP (mmHg) 83.5 (10.0) 87.4 (9.5) 69.4 (10.3) 75.7 (9.22) 71.2 (9.5) 76.7 (9.9)
BP medication use (%) 26.7 20.5 26.4 22.7 10.6 8.9
Cholesterol (mg/dL)
Total 222.0 (47.8) 222 (47.7) 198 (37) 192 (35.3) 197.6 (41.8) 199.6 (40.3)
LDL* 140.3 (43.9) 144 (43.0) 117 (32.1) 120 (31.6) 119.4 (35.3) 128.5 (35.6)
HDL 57.1 (16.1) 47 (14.9) 55 (15.2) 43.9 (10.8) 54.7 (14.9) 45.7 (13.2)
Triglycerides 122.2 (75.2) 165 (143.6) 126 (88.1) 143 (91.8) 122.2 (118.7) 141.6 (132.6)
Cholesterol medication use (%) 6.97 6.83 9.59 11.1 2.1 2.4
Diabetes (%) 9.4 9.0 8.61 10.5 7.6 5.7
Fasting glucose (mg/dL) 97.2 (35.1) 99.8 (32.7) 92.5 (29.4) 96.8 (30.6) 93.2 (22.9) 97.8 (20.7)

Unless otherwise indicated, data are mean = SD. BP, blood pressure; HS, high school. *LDL cholesterol was calculated if triglyceride levels were

<400 mg/dL.

glucose-lowering medications was 38
(GeneSTAR), 47 (NHANES), and 75%
(MESA). Levels of cardiovascular risk
factors and treatments are shown by sex
and diabetes status in Supplementary
Table 1.

Figure 1 displays Kaplan-Meier
estimates for cumulative incident and
fatal CAD events by sex and cohort.
Women with diabetes experienced
significantly higher CAD events than
women without diabetes (log-rank P <
0.01 in each cohort). In contrast, men
with versus without diabetes had similar
CAD rates (log-rank P > 0.05 in each
cohort). Overall, women versus men
without diabetes experienced a
significantly lower rate of CAD events
(log-rank P < 0.001 for GeneSTAR and
MESA; P = 0.07 for NHANES). Also, CAD
events were similar in women versus
men with diabetes (log-rank P > 0.05 in
each cohort). CAD risk was highest

among GeneSTAR versus MESA versus
NHANES participants overall and by sex
and diabetes status, with absolute event
rates per 1,000 person-years included in
Table 2.

Table 2 displays the crude and
multivariable-adjusted association of
sex with incident and fatal CAD by
cohort. In all, 210 CAD events were
observed in men and 101 in women. In
models adjusted for age, race, and
education (model 1), diabetes was
associated with an adjusted hazard ratio
(HR) of 3.87 (95% CI 1.98-7.54) in
GeneSTAR women and adjusted HR of
0.98 (0.49-1.96) in GeneSTAR men of
CAD. After further adjustment for
traditional cardiovascular risk factors in
model 2, the risk of CAD was largely
unchanged for GeneSTAR women
comparing diabetes versus no diabetes
(HR 3.65 [95% Cl 1.54-8.64]) and
GeneSTAR men comparing diabetes

versus no diabetes (HR 0.83 [0.36—
1.90]). The interaction of diabetes and
sex was significant in fully adjusted
models (P = 0.04).

Similarly, MESA women with versus
without diabetes had an increased risk
of CAD (HR 5.47 [2.12-14.1]) in model 1
(Table 2). MESA men with versus
without diabetes also had higher risk for
CAD, but this was not statistically
significant (HR 1.72 [0.86-3.45]).
Further adjustment in model 2 did not
change estimates, with significantly
increased HR still observed in women
(4.39 [1.63-11.8]) and nonsignificantly
increased HR in men (1.59 [0.76-3.34])
conveyed by diabetes. Though the
patterns were similar to GeneSTAR, the
interaction of sex and diabetes was not
found for MESA in fully adjusted models
(P=0.14).

Similarly, NHANES women with versus
without diabetes had significantly
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Figure 1—Kaplan-Meier curves for CAD event-free survival in men and women with and without diabetes, <60 years old at baseline. Time-to-event
analyses for incident CAD events in men without diabetes (blue solid line), men with diabetes (blue dashed line), women without diabetes (red solid
line), and women with diabetes (red dashed line) are displayed by cohort. In all three cohorts, CAD event-free survival is significantly lower in young
and middle-aged women with versus without diabetes (log-rank P < 0.001 for GeneSTAR; P = 0.002 in MESA; P = 0.007 in NHANES), but similar

between men with versus without diabetes (all log-rank P > 0.05). Interestingly, among those without diabetes, women had significantly better
survival than men in all cohorts (log-rank P < 0.001 for GeneSTAR; P < 0.001 for MESA; P = 0.07 for NHANES). However, the presence of diabetes
equalized CAD-event free survival between men versus women (log-rank P > 0.05 in all cohorts). Only fatal CAD events were ascertained in NHANES.

increased CAD mortality risk (HR 3.73
[1.12—12.5]) but not NHANES men (HR
1.31 [0.44-3.89]) in model 1 (Table 2).
After further adjustment for covariates
in model 2, the HR for women was no
longer significant (HR 2.01 [0.39-10.5]).
Though patterns were similar to
GeneSTAR, interaction by sex was not
present in fully adjusted models for
NHANES (P = 0.22).

The use of HRT in women at the time of
study entry ranged from 6% in NHANES
and 15% in GeneSTAR to 38% in MESA.
Sensitivity analysis with additional
adjustment for HRT did not significantly
affect HR estimates in any cohort.

which remained statistically significant
in GeneSTAR.

In meta-analysis of three cohorts,
women with versus without diabetes
had an approximately fourfold higher
likelihood of CAD events during follow-
up (adjusted HR 4.23 [2.57-6.95]) after
accounting for age, race, and education
in model 1. In contrast, men with versus
without diabetes did not have

Further, all of the HR findings remained
qualitatively unchanged in sensitivity

analyses that stratified by birth cohort,
including the sex*diabetes interaction,

Table 2—Cox regression models demonstrating relative risk (HRs and 95% ClIs) of incident CAD events associated
with diabetes status by sex in adults aged <60 years at baseline

Incidence rate/1,000

No. of events person-years Model 1* Model 2** P value for interaction
GeneSTAR
Men
No diabetes 91 11.22 Reference Reference Model 1: 0.006
Diabetes 9 12.86 0.98 (0.487-1.96) 0.83 (0.36-1.90) Model 2: 0.038
Women
No diabetes 37 4.27 Reference Reference
Diabetes 14 17.65 3.87 (1.98-7.54) 3.65 (1.54-8.64)
MESA
Men
No diabetes 52 5.64 Reference Reference Model 1: 0.12
Diabetes 10 9.71 1.72 (0.86-3.45) 1.59 (0.76-3.34) Model 2: 0.14
Women
No diabetes 18 1.66 Reference Reference
Diabetes 7 7.34 5.47 (2.12-14.1) 4.39 (1.63-11.8)
NHANEST
Men
No diabetes 34 0.88 Reference Reference Model 1: 0.15
Diabetes 14 1.83 1.31 (0.44-3.89) 1.09 (0.32-3.67) Model 2: 0.22
Women
No diabetes 11 0.40 Reference Reference
Diabetes 14 2.37 3.73 (1.12-12.5) 2.01 (0.39-10.51)

*Model 1: age, race, education. **Model 2: Model 1 + BMI + smoking + systolic BP + HDL cholesterol + non-HDL cholesterol + blood pressure
medication use + cholesterol medication use. TOnly fatal CAD events ascertained.
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significantly increased CAD events

(HR = 1.30, 0.83-2.03). After further
adjustment for traditional
cardiovascular risk factors in model 2
(Fig. 2), the adjusted HR for women
remained significant (HR = 3.61,
1.97-6.61) and nonsignificant in men
(HR =1.17, 0.71-1.94; P value for
interaction by gender = 0.005). In
sensitivity analyses pooling only MESA
and GeneSTAR, the fully adjusted HR of
incident CAD was significantly higher in
women (HR 3.95 [2.06-7.57]) but not
men (HR 1.19 [0.69-2.07]) with versus
without diabetes (P value for
interaction = 0.006).

In regression analyses comparing the
relative risk of incident and fatal CAD by

Women

GeneSTAR

MESA

NHANES

COMBINED

Men

GeneSTAR

MESA

NHANES

COMBINED

gender (Supplementary Table 2), men
versus women without diabetes had
higher rates of CAD events; the results
were significant for GeneSTAR (HR 2.33
[1.54-3.57]) and MESA (HR 3.23 [1.82—
5.88]) but not NHANES (HR 1.20
[0.42-3.45]) in fully adjusted models.
However, men and women with
diabetes had similar rates of CAD events
in all cohorts (reciprocal interactions to
Table 2). In meta-analyses comparing
men versus women, the HR for CAD
events was significantly different in
participants without diabetes (HR 2.92
[2.19-3.88]) but similar in those with
diabetes (HR 0.85 [0.46—1.57]) in
model 1. In fully adjusted models
(Supplementary Fig. 1), these results

Adjusted HR (95 % Cl)

05 1.0 20 30
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were largely unchanged (HR 2.43 [1.76—
3.35] with diabetes and HR 0.89 [0.43-
1.83] without diabetes; P value for

interaction by diabetes status = 0.013).

CONCLUSIONS

We found that diabetes dramatically
increased the risk of incident and fatal
CAD in young and middle-aged women
with diabetes by four- to fivefold, with a
much reduced effect in men, who had a
higher baseline rate of CAD even
without diabetes. In other words, the
presence of diabetes equalized rates of
CAD by sex. Remarkably, this finding was
consistent across three cohorts with
different underlying risks for heart
disease. As might be expected, absolute

3.65 (1.54-8.64)

439 (1.63-11.79)

2.01 (0.39-10.55)

361 (1.97-6.61)

0.83 (0.36-1.91)

1,59 (0.76-3.34)

1.09 (0.32-3.67)

117 0.71-1.94)

8.0

Figure 2—Meta-analysis of three cohort studies demonstrating HRs of incident CAD, adjusted for traditional cardiovascular risk factors, in persons
with versus without diabetes by sex. In meta-analyses, after accounting for age, race, education, BMI, smoking, hypertension, HDL and non-HDL
cholesterol, and antihypertensive and cholesterol-lowering medication, the fully adjusted HR for incident CAD in those with versus without diabetes
was significant in women (HR 3.61 [1.97-6.61]) and nonsignificant in men (HR 1.17 [0.71-1.94]). The interaction by sex was significant (P = 0.005).
Only fatal CAD events were ascertained in NHANES.
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CAD event rates were highest in the
high-risk GeneSTAR cohort based on
their ascertainment from an early-onset
CAD proband and lowest in the
population-based NHANES cohort.
Interestingly, the contribution of
traditional cardiovascular risk factors to
these relationships varied by cohort.
GeneSTAR had a worse cardiovascular
risk factor profile while NHANES was, in
general, healthier and MESA
participants had a mixed profile.

Our study adds to growing evidence that
gender differences exist in the risk of
CAD conferred by diabetes. However,
this is in contrast to the meta-analysis by
Huxley et al. (7), which demonstrated
that the relative risk of fatal coronary
heart disease associated with diabetes is
50% higher in women than men. This
study examined international cohorts
of both elderly and nonelderly
participants. In contrast, our study more
specifically demonstrates that sex
differences in the risk of both fatal and
nonfatal CAD exist in otherwise healthy
young- and middle-aged U.S. adults with
diabetes, which is a novel finding.
Further, we also report a greater
magnitude of risk in women than
observed in prior studies (4,5,7,24-26).
This difference may be due to the
exclusion of older adults in our study.
We focused on younger and middle-
aged adults since these individuals
might accrue the greatest opportunity
for prevention. Although in young and
middle-aged adults, incident and fatal
CAD rates are lower among women, the
presence of diabetes narrows this
purported sex gap. Indeed, we find that
the relative risk conveyed by diabetes in
women is greater than in men. We
report consistent findings across three
cohorts of diverse, relatively healthy
younger adults, with different
underlying risks for heart disease and a
particularly large number of participants.
In our study, we found no difference in
CAD risk between men with and without
diabetes. These findings may relate to
previous observations of an earlier
incidence of CAD in men compared with
women in the general population (17,19).
In other words, male sex may represent
an early CAD risk factor that “borrows”
from the future, potentially comparable
to the CAD risk observed for women later

in life. Thus, the additional presence of
diabetes may not have as great an impact
on increasing CAD risk in young and
middle-aged men compared with
women.

The higher relative risk of CAD conferred
by diabetes in women has several
possible explanations. There may be
risks for CAD that are unique by sex. The
vasodilatory effects of estrogen in
women may be protective (27), though
studies examining HRT use have found
inconsistent benefits (28,29), and our
results did not change after accounting
for HRT use. Androgen exposure in early
life may further have a role in coronary
atherosclerosis development in men
(16). Inflammatory factors may also
have a greater role in perturbing insulin
action in women (30). Genes that may
impact the effect of cardiovascular risk
factors differentially by sex are still
being investigated (27). Additionally,
adherence to heart-healthy lifestyle
behaviors (e.g., vegetable intake) is
~50% higher in women (31), but
benefits may be offset by diabetes.
Women with diabetes may be less
adherent to oral hypoglycemics and
standard cardiovascular prevention
treatments (32). It is possible that there
exists a treatment bias in favor of men
with diabetes who, overall, may receive
better therapies and more
comprehensive care (33,34). In our
study, though women used diabetes
medications at similar levels or more to
men in GeneSTAR (40% women vs.
34% men) and MESA (77% women vs. 73%
men), interestingly, women in NHANES
were less likely to use glucose-lowering
agents compared with men (41% vs. 55%).
Differences in compliance and treatment
intensity between sexes should be
investigated in future studies. Further, a
consistent effect on coronary risk is the
duration of diabetes in past studies (35)
and poor glycemic control (30).
Interestingly, women may have worse
control of type 2 diabetes (36).

Strengths of our study are the inclusion
of three large and diverse cohorts, all
with different underlying risks for heart
disease and with well-validated and
standardized protocols that are
extensively documented. We included a
multiethnic cohort (MESA) to test
consistency of observed associations
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and found no interactions by ethnicity
(data not shown). Our findings were
similar among participants with family
history of cardiovascular disease,
particularly in the high-risk GeneSTAR
cohort. The inclusion of a nationally
representative cohort (NHANES) more
directly allows for generalizability of
our findings. CAD outcomes were
adjudicated, limiting misclassification
bias. We were able to examine
prospective associations to infer
temporality. Also, most previous studies
occurred a decade ago and were based
on older, more conservative diagnostic
criteria for diabetes (2,7,11). Our study
used the most up-to-date criteria and
may be more directly extrapolated to
the current diabetes population. Lastly,
by pooling estimates in meta-analyses
and the use of individual participant
data, we were able to obtain greater
statistical power and better explore the
effects of sex and diabetes status on
CAD event rate in healthy young- and
middle-aged adults.

Limitations of our study include the
inability to examine nonfatal CAD
events in NHANES. Patients who had
CAD could have been classified with
another cause of death, and thus, event
rates are underestimated for NHANES.
However, if this was the case, we would
not have anticipated the similar pattern
of findings we observed in NHANES.
Though the number of events in healthy
young adults with diabetes was
relatively small, we still discerned
significant results. We did not have
information regarding postchallenge
glucose levels from an oral glucose
tolerance test, which may have led to
persons with undiagnosed diabetes in
our study and potentially influenced the
CAD event rates reported for both
nondiabetes and diabetes groups.
Differences in diabetes medication use,
particularly among women, in the three
cohorts may have contributed to
variations in the magnitude of risk-ratios
observed. We examined CAD event
rates according to diabetes medication
use in each cohort and found that
women with diabetes who used
glucose-lowering medications had
higher event rates compared with
women who were nonusers of these
medications in each cohort (data not
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